The Niger Delta has experienced tons of crude oil spill within their environment over the years and its impact on the environment is quite lethal. The soil is a major recipient of this spilled crude. When contaminated with crude oil, the load bearing capacity is consequently affected. This study aimed at providing a statistical evidence to prove that the impact of crude oil contamination on the soil's bearing capacity is significant. Four samples of uncontaminated soil of Kwale were collected and analyzed for their load bearing properties: cohesion (c), angle of internal friction (θ o ) and bulk density ( ). These soil samples were polluted with crude oil in levels of 5%, 10%, 15% and 20% and compared with intact soil. A consistent reduction was observed in the bearing capacity as the crude oil level increased. Using the SPSS (statistically package for social sciences), the significance was tested at the various contamination levels at a 5% confidence level and the result showed significance at 15% and 20% levels with calculated P-values of 0.038 and 0.035 respectively for both the square and strip foundation footings.
Introduction


The frequency of oil spill has been on a steady increase in most of the oil producing communities in the Niger Delta region of Nigeria. The impact is lethal and multidimensional. The soil bearing capacity which is the ability of the soil to support structure load is the first to receive the brunt of this phenomenon when it occurs. Crude oil, when spilled, moves both vertically, by gravity and horizontally, as it flows and spreads throughout the length and depth of the receiving soil, destroying the vegetal, terrestrial and aquatic environments. According to Pamukcu and Hijazi [1] the spillage of hydrocarbon liquid moves downward under gravity partially saturating the soil in its path towards groundwater level. Generally hydrocarbon is more viscous than water, therefore it relatively moves slower within the groundwater body Zulfahmi et al. [2] .
Several studies investigating the effects of hydrocarbon on the engineering properties of the soil have been carried out. Evgin and Das [3] , using triaxial tests examined the effects of crude oil on contaminated clean sands, and Shin and Das [4] also studied the effect of crude oil on load bearing capacity of sand at oil contents ranging from 0% to 6%. Khamehchiyan et al. [5] investigated the effects of crude oil contamination on geotechnical properties of clayey and sandy soils. Aiban [6] examined the effects of temperature on engineering properties of oil contaminated sand in Kuwait, while Oku [7] studied the spatial variation of soil properties on oil spillage sites in the Niger Delta, Nigeria. All these studies agreed on the reduction of soil strength due to crude oil, but none explored whether this reduction in soil strength is statistically significant.
This study, therefore, aimed at investigating the statistical significance of the reduction in the load bearing properties of the Kwale soil due to crude oil 
Material and Methods
Study Location
Kwale is one of the major towns in Ndokwa West LGA (Local Government Area) of Delta State and the headquarters of the LGA, Ndokwa West. A large expanse of the land has been used up by the oil field with several oil wells. This made the neighboring communities highly vulnerable to spills. The area experiences double rainfall peaks in June/July and September/October, with an average temperature of 30 o C [8] . The heavy precipitation assists in the downward movement of oil to the ground water table.
Experimental Procedure and Design
To generate the data set for this study, four soil samples were collected from four boreholes in the study area and analyzed through appropriate laboratory tests. These samples were collected using the hand Table 1 .
Hypothesis
The hypothesis adopted in this study, H o is that the reduction due to crude oil spill on the bearing capacity of crude oil contaminated soil is not significant. The objective of this hypothesis was to determine whether the reduction observed in the bearing capacity of crude oil contaminated soil of Kwale, is statistically significant. To test this hypothesis, paired sample t-test was used and the results presented in Tables 2a and 2b .
The bearing capacity values for square and strip footings, for each borehole sample were calculated using Terzaghi's bearing capacity theory with the relevant bearing capacity factors as follows: for square footing:
for strip footing:
where, N c , N q and N are bearing capacity factors assumed by Terzaghi, and c is cohesion, D f is foundation depth, B is foundation width, is bulk density
Results and Discussion
From Table 1 Table 2b (ii). In the same vein, in Tables 2a (iii-iv) and 2b (iii-iv), the results of the paired tests were 0.038 and 0.035 for 0%/15% and 0%/20% pairs. The results of the hypothesis showed a significance level of 0.038 and 0.035 at 15% and 20% contamination levels respectively indicating statistical significance. These results recorded in Tables 2a and  2b (i-iv) were for square footing. The strip footing results were presented in Tables 2a  and 2b (v-viii). Similar tests were conducted and the results showed that at 15% and 20% contamination levels the test of significance indicated 0.038 and 0.035 respectively while at 5% and 10% the levels of significance were 0.147 and 0.061, respectively.
About decision rule, the null hypothesis is accepted if the calculated value is greater than 0.05 (P > 0.05), otherwise it is rejected and the alternative, which is, the research hypothesis, H 1 is accepted. The result of the only null hypothesis showed that the calculated P-values at 5% and 10% contamination levels were more than 0.05 (P < 0.05). The null hypothesis was therefore accepted at that point while the alternative which is the research hypothesis was rejected. Furthermore at 15% and 20% contamination levels, the calculated P-values of 0.038 and 0.035 for both the square and strip footings respectively were less than 0.05 (P < 0.05), the null hypothesis was rejected while the research hypothesis was accepted. This suggests therefore that at higher crude oil pollution levels the impact is significantly high. This finding is consistent with the findings of Shin and Das [8] which indicated that the load bearing capacity of the soil drops significantly with increase in crude oil content.
Conclusion and Recommendations
From the study, it became evident that statistically speaking, the impact of crude oil spill on the soil is significant to cause appreciable damage to the soils load bearing properties in Kwale, an oil producing community, at beyond 10% contamination. It therefore becomes imperative for the oil operators to apply every reasonable means to drastically reduce if not completely eliminate spillage in the environment especially within the host communities. Furthermore, deliberate policies and enabling laws ought to be enacted to specifically address spillage issues, and implementation pursued vigorously to mitigate impacts.
